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6.1 REACTOR VESSELS
Learning Objectives:
After studying this section, you should be able to:

1. Describe the internal components and their arrangement that may or may not provide
2/3 core coverage capability following a LOCA.

6.1.1 Introduction

The reactor vessels utilized for a particular product line are dependent on the vintage of
the plant, core cooling regulations, type of recirculation system, and technology used
during its period of design. The reactor vessel houses the reactor core, serves as part of
the reactor coolant boundary, supports and aligns the fuel and control rods, provides a
flow path for the circulation of coolant past the fuel, removes moisture from the steam
exiting the reactor vessel, limits the downward control rod motion following a postulated
failure of a control rod drive housing, and in all cases except the BWR/2 product line
provides an internal refloodable volume following a loss of coolant accident.

6.1.2 BWR/2 Reactor Vessel

The BWR/2 reactor vessel, Figure 6.1-1, is an insulated pressure vessel mounted
vertically within the drywell and is comprised of a cylindrical shell with an integral
hemispherical bottom head. The top head is also hemispherical but is removable to
facilitate refueling operations. The base material of the vessel is high strength alloy
carbon steel. All internal surfaces including the shell, heads, flanges and attachments are
clad with Type 304 stainless steel to a thickness of 0.25 inches. Small nozzles which are
not practicable to clad internally with stainless overlay are solid nickel-chromium-iron
alloy.

The vessel head is attached to the vessel shell by sixty four six inch diameter studs that
are threaded into bushings in the vessel flange. Spherical washers and closure nuts are
match marked in sets of two and are used in sets. To secure the head to the vessel
shell, the studs are elongated by hydraulic stud tensioners which permit the nuts to be
turned while the stud is under tension.

Leakage of radioactive coolant and steam between the mating surfaces of the vessel and
closure head flanges to atmosphere is contained by two self-energizing O-ring gaskets.
These silver plated and polished Ni-Cr-Fe (Inconel) O-rings are approximately 0.50
inches in diameter. The O-rings are designed to have no detectable leakage through the
inner or outer member during any reactor operating condition.

Rev 1210 6.1-1 USNRC HRTD



6.1.2.1 Vessel Internals

The major reactor vessel internal components included in this discussion are the core
support assembly, core shroud, diffuser, core plate, upper core grid, core spray system
sparger, feedwater sparger, steam separators and dryers.

Core Support Assembly

The core support assembly consists of a stainless steel forged ring that is welded to an
Inconel segment. The Inconel segment is welded to the lower shell of the vessel. The
core support assembly supports the core shroud and separates the recirculation system
suction from its discharge.

Core Shroud

The core shroud is supported by the core support assembly. The core shroud along with
the core support assembly forms a 17 inch water annulus inside the reactor vessel wall.

In addition, a flow barrier is provided by the lower portion of the shroud and the support

assembly. This conical skirt, welded to the reactor vessel wall, effectively separates the

recirculation inlet core flow from the downcomer annulus flow.

Diffuser

The vessel diffuser is a cylindrical shell hanging downward from a shelf provided by a ring
girder. The diffuser contains hundreds of 1.25 inch diameter holes and is approximately
eight feet in height. The diffuser serves a twofold purpose; it prevents direct contact of
the recirculation flow to the control rod guide tubes and provides a uniform flow of coolant
below the fuel orifice region.

Core Plate

The core plate is provided to laterally guide and align the control rod guide tube and fuel
support castings. Twelve peripheral fuel assemblies, located outside the control rod
pattern are supported vertically by the core plate. These peripheral fuel assemblies rest in
a fuel support piece that is welded to the core plate. The core plate prevents recirculation
flow from bypassing the fuel assemblies by directing the flow into the control rod guide
tube.

Upper Core Grid
The upper core grid or top guide is mounted and supported by twelve brackets inside the

shroud. Eight bolts are provided to laterally position and level the top guide. Four hold
down bolts attach the top guide to the ledge of the core shroud.
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Core Spray Sparger

Two independent core spray loops are installed in the vessel above the upper core grid
(top guide) and within the core shroud. The loops are connected to the Core Spray
System which is used for core cooling under loss of coolant accident conditions.

Feedwater Sparger

The feedwater spargers are mounted to the reactor vessel wall in the upper part of the
downcomer or annulus region. The spargers, each supplied by one of the two feedwater
nozzles, complete a half circle of the vessel interior and discharges water radially inward.
A number of 1-inch holes in each sparger permits the cooler feedwater to mix with
downcomer recirculation flow before coming in contact with the vessel.

Steam Separator

The steam separator assembly consists of the shroud head and an array of standpipes
with steam separators located above each standpipe. The shroud head mates with the
core shroud and is bolted to it. The shroud head is a dished unit and forms the cover of
the core discharge plenum region. A metal to metal contact seals the separator
assembly and the core shroud flange. Operation of the steam separators is identical to
that of the separators covered in the systems manual.

Steam Dryer

The steam dryers are required to dry a mass flow of wet steam at 1015 psia and 10
percent moisture by weight to a mass flow of dry steam at 1015 psia and 0.10 percent
moisture by weight. The mass flow of steam ranges from zero to 6,933,000 pounds per
hour. The dryer assembly is supported by four internal vessel pads. Vertical guides
inside the vessel provide alignment during installation, four hold down bolts hold the unit
in position.

The dryer assembly is mounted in the vessel above the steam separator assembly and
forms the top and sides of the wet steam plenum. Steam that has passed through the
separators enters the chevron-type dryer units. A series of troughs and tubes remove the
remaining moisture which flows into the downcomer annulus.

6.1.3 BWR/3 and BWR/4 Reactor Vessels
The introduction of the BWR/3 product line (Figure 6.1-2) produced major changes in the

reactor vessel design. One of the more important changes was the elimination of the five
recirculation loop concept in favor of two loops with jet pumps mounted internal to the
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reactor vessel. The elimination of five loops removed the recirculation system discharge
nozzle penetrations in the vessel bottom head region and reduces the probability of a
large break loss of coolant accident. The installation of the jet pumps provides a
standpipe effect so the core can be reflooded following a loss of coolant accident and
allows better communication between the annulus region and the core region without the
need of the recirculation loops.

The BWR/3 product line vessel also included modifications to the feedwater spargers,
steam dryers, vessel head, and the cladding overlay. The feedwater spargers increased
in number from two to four and contain converging nozzles for better efficiency and
extended sparger life. The dryer assembly retained the same operating principle but,
added more drying units and was no longer bolted down. The vessel head gained two
new penetrations (head spray and spare), in addition to holddown pads to prevent the
steam dryer from lifting during system operation. The vessel upper head and nozzle
penetration are not clad because it is not needed and the cladding tended to propagate
cracks into the base metal on nozzle penetrations.

6.1.3.1 BWR/4 Advanced Vessel Design

Two BWR/4 product line vessels favor the later BWR/5 and BWR/6 design in that they
contain separate and independent penetrations for the Low Pressure Coolant Injection
(LPCI) mode of the Residual Heat Removal System. The LPCI injection lines penetrate
the vessel at four different locations and continue until they penetrate the core shroud.

6.1.4 BWR/5 and BWR/6 Reactor Vessel

The BWR/5 product line (Figure 6.1-3) produced changes in the vessel upper head,
steam separator and dryer assemblies, instrumentation quadrant taps, and LPCI injection
penetrations. The upper vessel head penetrations was reduced from three to only two,
one spare and one multipurpose to perform the functions previously performed by two
separate penetrations. The steam separator assembly acquired more separating units
as did the dryer assembly. The dryer assembly also underwent holddown changes to
eliminate the problem of ensuring it was disconnected from the core shroud prior to lifting.
The LPCI injection penetrations were reduced from four to three.

6.1.5 Summary

The reactor vessels utilized for a particular product line are dependent on the vintage of
the plant, core cooling regulations, type of recirculation system, and technology used
during its period of design. The reactor vessel houses the reactor core, serves as part of
the reactor coolant boundary, supports and aligns the fuel and control rods, provides a
flow path for the circulation of coolant past the fuel, removes moisture from the steam
exiting the reactor vessel, limits the downward control rod motion following a postulated
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failure of a control rod drive housing, and in all cases except the BWR/2 product line
provides an internal refloodable volume following a loss of coolant accident.

Rev 1210 6.1-5 USNRC HRTD



VENT

REACTOR VESSEL HEAD

STEAM DRYER ASSEMBLY

STEAM OUTLET NOZZLE

WATER LEVEL
MEASUREMENT TAPS

SEPARATOR ASSEMBLY
HOLD DOWN BOLT

VESSEL HEAD STUD
VESSEL HEAD NUT

VESSEL FLANGE

%<— STEAM PRESSURE

MEASUREMENT TAP

STEAM SEPARATOR
STEAM SEPARATOR | STEAM

FEEDWATER SPARGER

CORE SPRAY NOZZLE
CORE SPRAY SPARGER———-— |
UPPER CORE GRID

IN-CORE FLUX MONITOR
ASSEMBLY

CORE SHROUD

STANDPIPE SEPARATOR

ASSEMBLY
- STEAM PLENUM HEAD

FUEL SUPPORT PIECE

CORE PLATE

LOWER CORE GRID

FUEL ASSEMBLY

VESSEL WALL

RECIRCULATING WATER
- OUTLET NOZZLE

CONTROL ROD GUIDE TUBE ~*——

RECIRCULATING WATER
INLET NOZZLE

ZT 4 . .

— DIFFUSER

IN-CORE MONITOR
SLEEVE

; CORE DIFFERENTIAL
ST PRESSURE TAP

—VESSEL SUPPORT SKIRT

CONTROL ROD DRIVE
HOUSING

Figure 6.1-1 BWR/2 Reactor Vessel



HEAD SPRAY
COOLING NOZZLE

REACTOR VESSEL HEAD
\

DRYER ASSEMBLY VESSEL HEAD STUD

LIFTING LUGS

«—VESSEL HEAD NUT

STEAM DRYER ASSEMBLY —

STEAM OUTLET NOZZLE
| STEAM DRYER AND
\\\\ﬂii> SHROUD HEAD ALIGNMENT
SHROUD HEAD AND GUIDE RODS
LIFTING LUGS seeninininiy| STEAM SEPARATOR AND
\\\\\\\\_ = 9 :::;;7STANDMPEASSEMBLY
DRYER SEAL SKIRT 7 P gt g NS (il
T 111 i L~
CORE SPRAY [DI ( s |——<——FEEDWATER INLET
SUPPLY HEADER —__ | 49/ FEEDWATER SPARGER
| -
SHROUD HEAD i ke | |
HOLD-DOWN BOLTS % | ———TOP GUIDE
[ /_
JET PUMP INLET ELBOW B2
AND NOZZLE ASSEMBLY —___| =LA :%9\\
— N ~
] <\\\\<:t§§§\CORESPRAYSPARGER
W¢COREFLU§§§E“£$§ — stnxl\r \\\\\\FUELASSEMBLY
FSESiss [ ———coNTROL ROD
SO O | T——FUEL SUPPORT
1|
RECIRCULATING WATER | - T
INLET NOZZLE ~ > e §§~ CORE SHROUD
' CORE PLATE
JET PUMP INLET RISER

JET PUMP DIFFUSER —_ \; /

gl ggg T~ RECIRCULATING WATER

\ OUTLET NOZZLE

T~ CONTROL ROD
GUIDE TUBE

VESSEL SUPPORT SKIRT

VESSEL SUPPORT -
RING GIRDER

IN-CORE FLUX MONITOR
HOUSING CONTROL ROD

DRIVE HOUSING

CONTROL ROD DRIVE HOUSING
SUPPORT STRUCTURE

Figure 6.1-2 Reactor Vessel (BWR/3 or BWR/4)



JET PUMP/RECIRCULATION

VENT AND HEAD SPRAY

STEAM OUTLET

CORE SPRAY INLET —

TOP GUIDE e SO

CORE SPRAY SPARGER —— |

CONTROL BLADE

JET PLIMP ASSEMBLY ——

WATER INLET

VESSEL SUPPORT SKIRT —

CONTROL ROD DRIVES —

IN CORE FLUTX MONITOR

-

STEAM DRYER LIFTING
LUG

._-_______________._.—-—r STEAM DRYER

ASSEMBLY

1 STEAM SEPARATOR
| ASSEMBLY

FEEDWATER INLET

————— FEEDWATER SPARGER

LOW PRESSURE COOLANT

]D/,_—- INIECTION INLET

CORE SPRAY LINE

CORE SHROUD
-——-_-_-_-_--_-.

\

FUEL ASSEMBLIES

CORE FLATE

——— RECIRCULATING
WATER OUTLET

——y SHIELD WALL

CONTROL ROD DRIVE
/ HYDRAULIC LINES

Figure 6.1-3 Reactor Vessel (BWR/5 or BWR/6)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


